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A WAVELENGTH STABILISED LASER SOURCE 

The present invention relates to laser or light sources, in 
particular, laser sources of stabilised wavelength. 
5 Throughout this document, the control of wavelengths will be 

discussed. In this context, use of the term 'wavelength' assumes a 
known transmission medium, in accordance with standard terminology 
in the art. Furthermore, the invention will be described with reference 
to laser light produced by a laser diode. The invention may, however, 
10 be applied in a corresponding fashion to other light sources. 

Many applications require a laser or light source providing a 
stabilised wavelength. An example is a gas detection instrument, in 
which a laser or light source must be provided, and controlled to 
provide a stable wavelength, corresponding to an absorption line of the 
15 spectrum of the gas to be detected. If the provided light is absorbed, the 
gas is deemed to be present to an extent commensurate with the 
proportion of light absorbed. If the provided light is not absorbed, the 
gas is deemed not to be present. Various levels of absorption may be 
correlated to various densities of target gas and optical path lengths 
20 therein. 

The present invention will be particularly described with 
reference to gas detection instruments, although the present invention is 
also applicable to other applications of stabilised wavelength light or 
laser sources, including applications in the telecommunications industry 
25 where precise tuning to specific communications wavelengths is 
important. For example, wavelength references for optical test 
equipment such as spectrum analysers, optical transmission/receiver 
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hermetically sealed package comprising a window for passing light 
from the laser diode to the exterior of the package. 

The heat pump may be operable to adjust the operating 
temperature of the laser diode, thereby adjusting the wavelength of light 
5 emitted by the laser diode. 

The source may further comprise a temperature sensor arranged 
to provide primary control of the operation of the heat pump. 

The at least one detector comprises a monitor detector, positioned 
to receive a portion of laser light emitted by the laser diode. 
10 A surface of the window may be arranged to reflect the portion of 

light emitted by the laser diode to the monitor detector. 

The monitor detector may be arranged to provide a control signal 
for controlling the wavelength of light produced by the laser diode. 

The hermetically sealed package may contain a gas sample, said 
15 gas having an absorption line for use by the monitor detector for 
measuring the wavelength of light emitted by the laser diode. In this 
case, the interior of the hermetically sealed package may be 
substantially filled with a gas sample. 

The monitor detector may comprise a light sensor exposed to the 
20 interior of the hermetically sealed package. Alternatively, the monitor 
detector may comprise a light sensor and a gas sample, enclosed within 
an enclosure. 

Secondary control of the heat pump is preferably provided, in 
accordance with an output of the monitor detector. 
25 The control signal from the monitor detector may be arranged to 

control the operation of the heat pump, thereby adjusting the 
wavelength of light emitted by the laser diode by adjusting the 
operating temperature of the laser diode. Alternatively, or in addition, 
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The present invention employs a novel approach to packaging the 
light or laser source. The techniques used are similar to techniques 
employed in the telecommunications industry and provide an integrated 
5 approach that offers significant advantages over known techniques 
which involve assembling the required components individually into an 
instrument The known techniques involve difficulties including those 
arising from moisture ingress and condensation. 

Fig. 1 shows a light or laser source according to an embodiment 
10 of the present invention. Laser diode 10 is placed in thermal contact 
with a Peltier heat pump 20 and is provided with a drive current to 
produce laser light. A focusing lens 18 is provided to focus the light 
emitted from laser diode 10. A signal detector 22 is also provided, for 
detecting incident light These elements are all encased within a 
15 housing 25. A window 30, transparent to the wavelengths emitted by 
laser diode 10, is provided in a part of the housing 25, to allow light 
from the laser diode to leave the housing, after passing through focusing 
lens 18, and to allow incident light to enter the housing to be detected 
by signal detector 22. The housing 25 is a hermetically sealed 
20 enclosure, preferably similar to those currently used in the 
telecommunication industry, and manufactured according to existing 
and established practices in that industry. 

A temperature sensor 12 is provided, mounted on heat pump 20, 
preferably in the general vicinity of the laser diode 10. In certain 
25 embodiments of the invention, the temperature sensor is a platinum 
resistance thermometer, but other temperature sensitive devices of 
suitable size and sensitivity could be used. The temperature sensor 
provides an output signal to a temperature control means (not shown), 
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the gas sample, C is the gas concentration, d is the path length through 
the gas and s is the absorption constant for the gas. 

The integrated light or laser source of the present invention is 
suitable for incorporation into a gas monitor product for use in 
5 telecommunications equipment. For the successful manufacture of a 
gas monitor product, the output wavelength of the laser diode 10 must 
be precisely controlled to coincide with an absorption line of the 
spectrum of a target (measured) gas. The laser diode 10 must therefore 
be temperature stabilised very precisely (typically to 0.1 °C). In the 
10 illustrated embodiment of the present invention, thermal control of the 
laser diode is achieved by use of a Peltier heat pump 20 that can be used 
to either cool or heat the laser diode 10 as required, depending on an 
ambient temperature. 

15 Fig. 2 shows a second embodiment of the present invention in 

which a monitor detector 40 is provided within the housing 25. 
Features corresponding to those discussed with reference to Fig. 1 carry 
corresponding reference numerals. The output of this detector provides 
a means to positively and reliably identify the operating wavelength of 

20 the laser which can be controlled in accordance with the output of 
monitor detector 40, by varying the operating temperature of the laser 
diode 10, or the drive current applied, or both, whereby precise control 
of the laser wavelength can be produced. This enables a more stable 
wavelength to be produced than would be possible with the 

25 embodiment of Fig. 1. 

In operation, the laser diode 10 provides light which is focused 
through lens 18 and transmitted out through the window 30. Because of 
a difference in refractive indices between the material of the window 30 
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sealed enclosure. Such monitor detector enclosure preferably contains a 
sample of a gas whose absorption line is to be used for tuning the 
wavelength emitted by the laser diode. Such gas is not necessarily the 
same as a gas which is to be detected by a gas detector incorporating the 
5 laser source, but such gas should be chosen to have an absorption line in 
the wavelength range of interest. The absorption line is preferably 
chosen to be as fine as possible. 

In an alternative embodiment, the monitor detector 40 comprises 
a light sensor, which may be in the form of an integrated circuit die 
10 which is exposed to the interior of the hermetically sealed housing 25. 
The volume inside the package may be filled with a gas whose 
absorption line is to be used for tuning the wavelength emitted by the 
laser diode. Such gas is not necessarily the same as a gas which is to be 
detected by a gas detector incorporating the laser source, but such gas 
15 should be chosen to have an absorption line in the wavelength range of 
interest. The absorption line is preferably chosen to be as fine as 
possible. 

Primary tuning of the laser diode is achieved by changing the 
temperature of the diode according to the information derived from the 
20 temperature monitor 12 within the package. This is sufficient to allow 
the wavelength emitted by the laser diode to be tuned' to the vicinity of 
an absorption line. While temperature monitor 12 provides information 
for primary temperature control, the monitor detector 40 monitors the 
accuracy of the wavelength emitted by the diode very precisely, by 
25 comparison with an absorption line of a reference gas. The monitor 
detector 40 may comprise a light sensor exposed to the interior of the 
housing 25. The monitor may alternatively comprise a transparent 
enclosure, itself containing a light sensor, the enclosure being mounted 
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several microseconds, whereas a temperature controlled wavelength 
change may take several milliseconds. 

In further embodiments, the secondary tuning may be achieved 
by a combination of controlling the temperature of the laser diode and 
5 by controlling the current through it. For example, in order to produce 
a desired wavelength, the heat pump 20 may be controlled to heat the 
laser diode 10 to a corresponding temperature T as indicated on the 
datasheet of the laser diode 10, and as measured by temperature sensor 
12. The laser diode will be supplied with a nominal current such as 

10 100mA, and a wavelength in the vicinity of the required wavelength 
will be produced. The current supplied to the laser diode may then be 
scanned , for example, between 50mA and 150mA while the monitor 
detector 40 monitors the resulting wavelength. The required 
wavelength may be achieved, for example, at a current of 145mA. The 

15 laser diode may then be operated at the temperature T and a current of 
145mA. This will provide the required wavelength, but will consume 
excess power, and will only leave 5mA of drive current available to 
compensate future drift in the wavelength produced. Preferably, the 
heat pump is then controlled to heat or cool the laser diode as 

20 appropriate, with the current supplied to the laser diode being 
correspondingly reduced until it returns to the nominal value (in this 
example, 100mA), with the laser diode operating at a different 
temperature, T + 8T. Such compound secondary tuning has the 
advantage that current control may be used for fast response and to 

25 maintain constant wavelength even through short term fluctuations, 
while temperature control allows wider overall range of wavelengths 
and can re-centre the range of current control to ensure that current 
control is always available. 
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with reference to Fig. 2, a portion 42 of the light emitted by laser diode 
10 through focusing lens 18 is reflected from a surface of the window 
30. This portion 42 is received by monitor detector 40, which contains 
a light detecting element. A sample of a reference gas is provided, 
5 within the monitor detector and/or filling the cavity within the housing 
25. The detecting element may be used as discussed with reference to 
Fig. 2 in order to adjust the wavelength of the light provided by laser 
diode 10 to correspond to an absorption line of the spectrum of the gas 
sample. By controlling the heat pump 20, the output wavelength from 
10 laser diode 10 may be very accurately controlled, providing a light 
source of very stable wavelength. Such source may find applications in 
gas detectors and communications equipment, for example. 

The laser or light sources according to the present invention, as 
described, are mounted in a hermetically sealed enclosure, similar to 
15 housings commonly used in the telecommunications industry. The 
housing ensures that the devices are kept clean and dry which is vital 
for reliable operation (especially when the Peltier is actively cooling the 
package below ambient temperature). The housing may be evacuated, 
or may be filled with a dry inert gas which has no spectral absorption 
20 lines in the wavelength range of operation. The various components 
within the housing need to be kept thermally isolated from one another, 
and a vacuum or a dry gas is preferably used to fill the housing although 
a transparent liquid or solid could be used, preferably one with a low 
thermal conductivity. 


25 


In each embodiment, pins 44 allow external connections to be 
made to the Peltier heat pump, the laser diode, the detectors and/or any 
other apparatus within the housing 25. For example, control circuitry 
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communications signalling function. Secondary tuning is preferably 
not provided by temperature alone, as the reaction time may be too slow 
to provide the required accuracy in wavelength. 

In the field of gas measurement, Primary control of the 
5 wavelength of the emitted light may be exercised according to the 
temperature sensor 12. Secondary control may be exercised by 
adjusting the temperature of the laser diode according to the output of 
the monitor detector. For example, a required wavelength may be 
obtained by primary control of the temperature of the laser diode, with 
10 secondary control initially being provided by controlling the current 
through the laser diode. The temperature may then be adjusted to allow 

4 

the drive current to return to its nominal value. The required 
wavelength is then provided by suitable selection of the operating 
temperature of the laser diode. The drive current may then be adjusted 

15 to provide a wavelength offset from the required value. For example, 
this could be to detect an absorption line other than the absorption line 
used by the monitor detector. This may be an absorption line of a gas 
other than the reference gas. The drive current may be progressively 
adjusted to provide a "sweep" in wavelength across a certain range in 

20 the general vicinity of the required wavelength. Measurements of the 
intensity of light received in the sensor 22 are taken, and correlated 
against the wavelength emitted at that time. By taking a sequence of 
measurements of intensity readings against wavelength, a shape of an 
absorption line in a monitored gas may be measured, allowing the 

25 density and presence of a corresponding gas to be identified. By 
providing sufficient coverage in the wavelength sweep, the presence of 
two or more gases can be detected, for example, methane and ethane. 
The wavelength produced by the laser diode should be periodically 
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In further alternative embodiments, a laser diode may be used 
which is active in two directions. Light emitted in one direction may be 
directed through the window 30, while light emitted in the other 
direction may be directed onto a monitor detector. In such 

5 embodiments, the monitor detector could be placed behind the laser 
diode, as it will not be necessary to obtain a reflection from the 
window. An antireflective coating may then be applied to at least one 
surface of the window in order to reduce reflections of the emitted light, 
thereby reducing any interference effects caused by the passage of the 

10 light through the window. 
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6. A source according to claim 4 or claim 5 wherein the monitor 
detector is arranged to provide a control signal for controlling the 
wavelength of light produced by the laser diode. 

5 7. A source according to any of claims 4-6, wherein the 

hermetically sealed package contains a gas sample, said gas having an 
absorption line for use by the monitor detector for measuring the 
wavelength of light emitted by the laser diode. 

10 8. A source according to claim 7 wherein the interior of the 

hermetically sealed package is substantially filled with a gas sample. 

9. A source according to any of claims 4-8 wherein the monitor 
detector comprises a light sensor exposed to the interior of the 

15 hermetically sealed package (25). 

10. A source according to any of claims 4-8 wherein the monitor 
detector comprises a light sensor and a gas sample, enclosed within an 
enclosure. 


20 


25 


11. A source according to any of claims 6-10 wherein the control 
signal from the monitor detector is arranged to control the operation of 
the heat pump, thereby adjusting the wavelength of light emitted by the 
laser diode by adjusting the operating temperature of the laser diode. 

12. A source according to any of claims 6-11 wherein the control 
signal from the monitor detector is arranged to control a level of an 
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19. An integrated, wavelength-stabilised laser source 
substantially as described and/or as illustrated in the accompanying 
drawings. 
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